ABSTRACT: Free fatty acids (FFA) are produced in the intestine by microbial fermentation. Recently, a family of G protein-coupled receptors (GPR) acting as FFA transporters has been reported including GPR120, which is expressed by intestinal epithelial cells. The GPR120 has been reported to affect the expression of glucagon-like peptide (GLP)-1 as well as function as a control point for anti-infl ammatory effects. The aim of the present study was to evaluate whether 12 selected intestinal bacteria, representing the 4 major phyla present in the intestine, affect intestinal epithelial cell GPR120 and GLP-1 mRNA abundance. Supernatants of the 12 bacteria were added to differentiated Caco-2 intestinal epithelial cells cultured on fi lter inserts in concentrations corresponding to a cell:bacteria ratio of 1:200. After 4 h of incubation, changes in cellular mRNA of GLP-1 and GPR120 by bacterial supernatant were examined using real-time reverse transcriptase polymerase chain reaction. The abundance of GLP-1 mRNA decreased when cells were exposed to 4 of the 12 supernatants (P ≤ 0.05) compared with cells without bacteria added. Supernatants from 8 of the 12 bacteria analyzed increased the mRNA level of GPR120 (P ≤ 0.05) compared with cells without bacteria added. The alteration in cellular GPR120 mRNA was observed with bacteria categorized as either probiotics or bacteria capable of inducing an anti-infl ammatory effect. The benefi cial effect of these bacteria may very well be mediated by regulation of GPR120. The regulation of GPR120 by intestinal microbiota represents a direct signaling pathway for gut bacteria to affect host health and metabolism.
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INTRODUCTION
Free fatty acids (FFA) are not only an important source of energy but they also play key roles in regulating a range of physiological responses. The G protein-coupled receptors (GPR) comprise a family of cell-membrane receptors that respond to various extracellular stimuli and mediate intracellular signaling (Miyauchi et al., 2010) . The GPR120 is abundantly expressed in the intestine and functions as a mediator of signal transduction with FFA as the endogenous ligands (Miyauchi et al., 2010) . After ligand binding, the cytoplasmic domain of GPR120 associates with β-arrestin, which couples the receptor to downstream signaling pathways regulating cellular infl ammatory response and endocytosis. Inhibition of GPR120 expression has been shown to decrease FFA-mediated glucagon-like peptide (GLP)-1 secretion, further supporting GPR120s role as regulator of cellular metabolism.
We hypothesized that intestinal bacteria affect the intestinal epithelial cells mRNA abundance of GPR120 and possibly GLP-1 and that the regulation of GPR120 may represent a direct signaling pathway for gut microbiota to affect host health and metabolism. Consequently, the aim of the present study was to investigate the effect of 12 intestinal bacteria on cellular GPR120 and GLP-1 mRNA abundance.
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MATERIALS AND METHODS

Cell Culture
Caco-2 cells, kindly donated by Dr. Jan Trige Rasmussen, Aarhus University, Denmark, was grown in Dulbecco's minimal essential medium (Life Technologies, Naerum, Denmark) supplemented with 10% fetal calf serum (Bio-Whittaker, Vallensbaek Strand, Denmark), 1% penicillin-streptomycin (SigmaAldrich, Copenhagen, Denmark), 2 mM GlutaMax (Life Technologies), and 1 mM HEPES (Sigma-Aldrich). The Caco-2 cells were seeded into polyethylene terephthalate inserts with 0.4 μm pore size (Becton Dickenson Falcon, Albertslund, Denmark) at a density of 7.4 × 10 5 cells/ cm 2 . Caco-2 cells were grown for 21 d until fully differentiated as measured by transepithelial resistance and expression of the brush border enzyme dipeptidyl peptidase IV (Sigma-Aldrich).
Preparation of Bacteria
Twelve intestinal bacteria were selected for cellbacteria co-incubations (Table 1 ). All bacterial species were grown under anaerobic conditions in broth prepared as described (Holdeman et al., 1977) , except that rumen extract was replaced by pig colon extract. The bacteria were incubated at 37 ºC without shaking until cell densities between 1.80 × 10 8 and 4.46 × 10 9 cfu/mL. The supernatants were obtained by centrifugation at 14,000 × g for 20 min at 4 ºC.
Cell-Bacteria Co-incubations
Bacterial supernatants were dissolved in cell medium to yield a concentration corresponding to a cell:bacteria ratio of 1:200 and added to the apical side of the co-culture system and incubated for 4 hours. After incubation, the media were aspirated and the Caco-2 cells were washed twice in PBS (Life Technologies). Two biological replicate samples were analyzed for each bacteria.
Quantitative Real-Time PCR
The procedures including RNA isolation, cDNA synthesis, and quantitative real-time PCR analysis were carried out as described (Theil et al., 2006) . Initially, glyceraldehyde 3-phosphate dehydrogenase, β-actin, and ubiquitously expressed transcript (UXT) were tested and UXT was found suitable as endogenous control. Sequence of forward and reverse primers of GPR120, GLP-1, and UXT were GPR120: 5′-gcgccgaccaggaaattt and 5′-caaaagagacatcccacgagatc (accession no. NM181745), GLP-1: 5′-ttctgcacagcgggtaatttt and 5′-tctttgtggaaacggtgagaga (accession no. NM002054), and UXT: 5′-gtggatttgggctgtaacttc and 5′-atcccagggccacatagatg (accession no. BC082752). The response was quantifi ed as the number of PCR cycles required to reach a certain threshold (Ct) for each gene using power SYBR-green PCR master mix (Applied Biosystems, Stockholm, Sweden). Delta Ct values (Ct target -Ct housekeeping gene) were calculated and analyzed statistically, and the delta delta method (control is in vitro preparations without bacterial supernatant) was applied to derive the relative mRNA abundance corrected for PCR effi ciencies (95, 96, and 100% for GPR120, GLP-1, and UXT, respectively) as described (Theil et al., 2006) . Samples were analyzed in duplicate and purifi cation of RNA evaluated based on 260:280 absorbance ratio. The assays were designed by Primer Express (Applied Biosystems) and validated based on melting point analyses and test of amplicon lengths on gels. Data was analyzed using the general linear model of SAS (SAS Inst. Inc., Cary, NC). 
RESULTS AND DISCUSSION
The abundance of GPR120 mRNA increased when cells were exposed to supernatants from Bacteroides fragilis, Enterococcus faecium, Lactobacillus reuteri, Lactobacillus salivarius, S. variabile, R. intestinalis, Faecalibacterium prausnitzii, (P ≤ 0.05; Table 1 ), demonstrating that bacterial secreted components can alter gene expression of GPR120 in intestinal cells. Because FFA are endogenous ligands of GPR120 we speculate that bacterial produced FFA are the regulatory factor.
Stimulation of GPR120 by FFA have been shown to promote the secretion of GLP-1 to the blood circulation (Miyauchi et al., 2010) . A connection between gut microbes and the cellular expression of GLP-1 has been revealed suggesting an effect of bacterial produced short chain fatty acids, especially butyrate, which can increase the GLP-1 production (Cani et al., 2007) . Consequently, we examined the mRNA abundance of GLP-1 with particular interest of the impact of the two butyrate producing bacteria, R. intestinalis and F. prausnitzii. However, GLP-1 mRNA abundance decreased when cells were exposed to bacterial supernatants indicating that the regulation of GLP-1 does not occur on the transcriptional level. Additional studies are required to determine the cellular regulation of GLP-1.
The bacteria that elicit a signifi cant regulation of GPR120 mRNA abundance are categorized as either probiotics or bacteria capable of inducing an antiinfl ammatory effect, with the exception of S. variabile, which is categorized as a commensal bacterium. Interestingly, a recent study has demonstrated that the anti-infl ammatory effects of omega-3 fatty acids in macrophages and adipocytes is mediated by GPR120 (Talukdar et al., 2011) . Activated GPR120 have also been shown to inhibit tumor necrosis factor receptor, Toll-like receptor (TLR)-2, and TLR-4 mediated infl ammation (Talukdar et al., 2011) . Consequently, GPR120 has emerged as an important control point in regulating antiinfl ammatory responses, and the regulation of GPR120 mRNA may represent a signaling pathway by which intestinal bacteria elicit their anti-infl ammatory effect on intestinal cells.
In conclusion, the regulation of GPR120 by intestinal microbiota may represent a direct signaling pathway for gut bacteria to affect host health and metabolism.
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